Despite the extension of 88 hours per week, the ability of neurosurgical residents to provide quality care while receiving adequate training has been questioned. 18 , 23 Norby et al. found that following the implementation of ACGME duty-hour restrictions in neurosurgery, postoperative complications and mean hospital charges increased, without improvement in outcomes. 28 Hoh et al. demonstrated that the duty-hour restriction era correlated with an increased risk of postoperative complications and no change in mortality for neurosurgical trauma patients. 21 Babu et al. reabbreviatioNs ACGME = Accreditation Council for Graduate Medical Education; DRG = diagnosis-related group; FIRST = Flexibility In duty hour Requirements for Surgical Trainees; LOS = length of stay. submitted April 25, 2015 . Effect of resident handoffs on length of hospital and intensive care unit stay in a neurosurgical population: a cohort study
Although some specialties, including internal medicine and pediatrics, have studied handoffs in an effort to identify problems and improve efficiency in light of duty-hour restrictions, 14, 22 there is still a need for high-quality handoff outcomes studies, especially in surgical specialties. 30 Handoffs and services changes can be particularly challenging in neurosurgery programs due to the low number of residents employed per year, large censuses, and importance of subjective measures, especially the neurological examination.
Serial neurological examinations are the substrate of neurosurgical decision making; however, studies have shown that the interrater reliability of those examinations is imperfect. 33 Elicitable signs, including strength, reflexes, and sensation, have a wide range of reported reliability, from poor to substantial (k 0.15-0.77). 33 Handoffs create the potential for subtle differences in these subjective measures to be inadequately conveyed from one provider to the next, which could prevent a physician from noting early changes in neurological status and thus delay intervention. Additionally, when a new resident takes over a large service after a rotation change, there is an inevitable lag time before the resident becomes knowledgeable about each patient. Despite these potential sources of error, little attention has been given to the effect of handoffs or strategies for improvement of the handoff within the neurosurgical community. 4 Discontinuity in patient care resulting from handoffs may contribute to in-hospital complications, prolonged length of stay (LOS), and increased costs. 27, 34 This has been demonstrated in both surgical and medical specialties in the settings of shift change, weekends, and short versus long call periods. 8, 31, 35 To our knowledge, there have been no studies in the neurosurgical community evaluating the relationship between resident handoffs and hospital LOS. Even if an extended hospital LOS does not result directly from medical error or complication, it leads to increased use of medical resources. In this case-control study, we compared the overall hospital LOS, ICU LOS, mortality, and readmission rates among patients who did or did not experience a resident handoff during their stay.
The hypothesis of this study was that patients have longer LOS when their stay includes a resident handoff than when there is no resident handoff. We suspect that following a resident handoff, as the new resident is becoming familiar with the patients on the service, there may be a delay in discharging patients. Although there may not be a medical error or complication per se, we anticipated that LOS would be longer secondary to this adjustment period. The purpose of this study was to better understand the effect of resident handoffs on LOS in neurosurgical patients.
methods patient selection and sample size determination
All patients admitted to the neurosurgical service at the University of Alabama at Birmingham between July 1, 2012, and July 1, 2014, were retrospectively identified (in February 2015) from billing records. This included patients who were admitted from the emergency room, transferred from another hospital or another service within our hospital, admitted after surgery, and admitted for same-day surgery. Only patients for whom a neurosurgeon was the primary attending physician of record were included. Sample size was determined by the availability of resident service schedules, which were not preserved prior to 2012. The follow-up period for patients ended with hospital discharge.
data collection
Data collected for this study included patient demographic information, surgical procedure, hospital LOS, ICU LOS, coincident resident service change, source of admission (home, clinic, emergency department, and so on), whether hospital stay spanned a weekend, admitting/ discharging attending physician, admitting unit, discharge disposition, mortality, readmission within 30 days, and admission day of the week. Data were collected retrospectively via chart review. There were no missing data.
The exposure of interest was occurrence of a resident service handoff during admission. A service handoff was defined as any point when a resident handed off coverage of a service for longer than 1 weekend. Handoffs occurred when residents transitioned between attending services, during vacations, and other absences. On average, a service handoff occurs every 30 days for all attending neurosurgeons. Patients with an LOS of 0 or 1 day were excluded due to no chance of a service handoff according to our definition. As a result, all patients who underwent outpatient surgery were excluded from statistical analyses. In addition, patients with a hospital stay longer than 30 days were excluded because resident handoff would have been guaranteed. Outcomes of interest were overall hospital LOS, ICU LOS, and mortality. Potential confounders included age, sex, admission status, source of admission, and admission day of the week.
Additionally, a matched pairs cohort analysis was done. Two subsets were examined: patients undergoing cervical fusion (diagnosis-related groups [DRGs] 471-473) and patients undergoing pituitary surgery (DRG 614). These subsets were chosen because they are performed with high frequency at our institution and are likely to contain similar groups of patients. The exposure of interest was a resident handoff. Groups were matched by DRG, age (within 3 years), and sex. The outcome of interest was adjusted LOS.
statistical analysis
Patients with a resident handoff (n = 525) were compared with patients without a resident handoff (n = 2513) with respect to hospital and ICU LOS, mortality, readmission rate, admission status, age, sex, discharge status, and weekend stay. First, Student t-tests were performed to determine the independent effect of age, resident handoff, weekend stay, and ICU admission on hospital and ICU LOS. Those variables significantly associated with the outcome of interest (i.e., hospital LOS, ICU LOS, and mortality) were included in the respective ANCOVA. Patients who had a longer hospital LOS had an increased nonrandom chance of experiencing a resident service handoff purely on the basis of handoffs occurring, on average, every 30 days. To adjust for this, a conditional probability distribution model was constructed. Such a model provides an adjusted distribution of hospital LOS (or ICU LOS) given the incremental risk of experiencing a resident handoff with increasing LOS. In other words, the conditional probability is an update of the probability of an event (e.g., resident handoff) based on new information (e.g., LOS). The following formula, a variation of the Bayes theorem, was used. It was derived from the formula described most famously by the Monty Hall problem: 19 Adjusted LOS = LOS -LOS*(LOS/30). The same formula 7 was applied to ICU LOS. The assumptions for ANCOVA were tested on the data to ensure the appropriateness of the analysis. Normality of distribution of LOS was confirmed using the KolmogorovSmirnov test. The relationship between the covariates and dependent variable was not influenced by the independent variable, thus confirming the homogeneity of slopes assumption. The assumptions of independence and normality were met. The assumption of homogeneity of variance was tested using Levene's test and the nonsignificant results (F ratio = 0.19; p = 0.66) did not violate the assumption of homogeneity of variance.
Paired 1-way Student t-tests were performed to compare adjusted LOS between groups in the matched pairs subset analyses. All of the statistical analyses were performed using JMP, version 11.0.0 (SAS Institute, Inc.).
mitigation of bias
Because this is a retrospective cohort study, the following steps were taken to mitigate the potential for bias. The individual(s) collecting data were blinded to presence/absence of coincident resident handoff. To decrease selection bias, a single population, restricted to all elective neurosurgical procedures performed on patients admitted to University of Alabama at Birmingham Hospital during the specified time period, was used to select both cohorts. To minimize recall bias, none of the variables analyzed in this study relied on the subject's or clinician's memory; all data were derived expressly from medical and billing records. As such, information error would be a function of nondifferential misclassification and would have the same likelihood of errors and omissions in these records.
This study was approved by the institutional review board of the University of Alabama at Birmingham. This manuscript was prepared following the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) checklist for cohort studies.
results study population
During the study period, 5531 patients were admitted to the neurosurgical service, of whom 3133 patients met inpatient criteria (LOS > 1 day). Ninety-five patients were excluded due to LOS beyond 30 days. This resulted in a final study population of 3038 patients who were included in statistical analyses; 525 patients (17.3%) experienced a handoff, and 2513 patients (82.7%) did not experience a handoff. The mean patient age was 55.2 years and 51.4% were women.
mortality and 30-day readmission rates
Eighty-four patients (2.8%) died during their hospitalization. Eighteen deaths were among patients who experienced a resident handoff; the remaining 66 deaths were among patients who did not experience such a handoff. Bivariate analysis indicated that resident change was not associated with mortality (p = 0.3). However, mortality was associated with age (c 2 = 17.6; p < 0.001), admission to ICU (8.6% vs 0.71%; c 2 = 135.8; p < 0.001), and day of week of admission (c 2 = 27.4; p < 0.001). Admission on a Saturday carried the highest risk of mortality (7.5%) compared with Friday, which had the lowest risk of mortality (1.4%).
Overall, 11.3% of patients were readmitted within 30 days. Among patients who experienced a resident handoff, the 30-day readmission rate was 9.1%, whereas the 30-day readmission rate was 11.7% among patients without a resident handoff. Bivariate analysis indicated that resident change was not associated with 30-day readmission (p = 0.09).
overall los
The mean LOS for patients who experienced a service handoff was 10.7 days versus 5.0 days for patients who did not experience a handoff. The mean adjusted LOS for patients who experienced a service handoff was 5.3 adjusted days versus 3.5 adjusted days for patients who did not experience a handoff (Table 1 ). An ANCOVA model was constructed using the variables of resident handoff, weekend stay, admission to ICU, and age, which were all significantly associated with adjusted LOS on bivariate analysis (p < 0.01). Resident service handoff (p < 0.001), weekend stay (p < 0.001), age (p = 0.04), and admission to ICU (p < 0.001) all remained predictive of adjusted LOS in the multivariate model (Table 2 ).
Post hoc analyses were then performed to assess the relationship between timing of handoff and overall LOS. Considering only those patients who experienced a handoff during the first 3 hospital days, those patients with a handoff had significantly longer adjusted LOS than those without a handoff (4.6 vs 3.5 adjusted days; p < 0.0001). Patients who experienced a handoff during their ICU stay had a longer adjusted LOS than patients who did not (5.7 vs 5.4; p = 0.048).
icu los
The mean ICU LOS for patients who experienced a service handoff was 6.9 days versus 3.8 days for patients who did not experience a handoff. Adjusted ICU LOS for patients who experienced a handoff was 4.4 adjusted days versus 3.0 adjusted days for patients who did not experience a handoff (Table 1 ). An ANCOVA model was con-structed using the variables resident handoff and weekend stay, both shown to be significantly associated with adjusted ICU LOS on bivariate analysis (p < 0.001). Resident change and weekend stay remained statistically significant predictors of adjusted ICU LOS in a multivariate model incorporating both variables (p < 0.001).
Post hoc analyses were then performed to assess the relationship between timing of handoff and ICU LOS. Considering only those patients who experienced a handoff during the first 3 hospital days, those patients with a handoff had a significantly longer adjusted ICU LOS compared with those patients without a handoff (3.92 vs 2.97 adjusted days; p < 0.0001). Patients who experienced a handoff during their ICU stay had significantly longer adjusted ICU LOS compared with those who did not (5.4 vs 3.4 adjusted days; p < 0.0001).
matched pairs comparisons
We performed additional subset analyses using matched pairs design for 2 common procedures, namely pituitary surgery and cervical fusion. There were 18 matched pairs among patients undergoing cervical fusion. Among these patients, those who experienced a resident handoff had a significantly longer adjusted LOS compared with those with no resident handoff (5.25 vs 4.21 adjusted days; p = 0.027). There were 10 matched pairs among patients undergoing pituitary surgery. These patients also had a significantly longer adjusted LOS when a resident handoff occurred compared with no resident handoff (3.92 vs 2.92 adjusted days; p = 0.028).
discussion
We completed a comprehensive analysis of the effect of resident handoffs on hospital and ICU LOS for a neurosurgical service at a busy, tertiary care teaching hospital. There are several limitations to this study. Data were retrospectively reviewed, with the inherent limitation of being nonrandomized. A randomized trial on the specific issue of whether a resident handoff affects hospital or ICU LOS is logistically impossible to conceive. However, randomized controlled trials in which the duty-hour restrictions are relaxed, such as the Flexibility In duty hour Requirements for Surgical Trainees (FIRST) trial, may provide important insights. The FIRST trial is an ongoing cluster-randomized trial that randomizes general surgery residency programs to either a control group with continued adherence to current requirements or an intervention group with increased flexibility of duty-hour restrictions for interns (http://www.thefirsttrial.org). The outcomes of this study include the traditional metrics of death, morbidity, and complications along with resident perceptions, resident case volume, American Board of Surgery In-Training Examination scores, and program director surveys. Although the frequency of handoffs is not specifically measured in the FIRST trial, it can be assumed that hand- offs will decrease in the intervention arm compared with the control arm. However, the specific impact of handoffs will be difficult to quantify because there are numerous other factors, such as resident fatigue, being altered in this trial that may impact their outcomes of study. Studies in neurosurgery, such as those by Babu and colleagues, [4] [5] [6] report an increase in complications coincident with the duty-hour restriction era. High-level meta-analyses of the surgical literature show no effect on patient mortality and morbidity in the duty-hour restriction era. 2, 25 Especially among high-acuity patients and surgical subspecialties, there is evidence that duty-hour restrictions increase morbidity. 13, 17, 21, 26 A study of surgical ICUs showed that increased complications, re-intervention, and ICU readmission resulted from increased fragmentation of care. 9 Looking specifically at a neurosurgical population, Dumont et al. reported increased morbidity, especially avoidable morbidity, but decreased mortality after institution of the 2003 duty-hour restrictions. 13 These data were collected prospectively by neurosurgery residents and attending physicians caring for the patients under study. Although this study measures specific sources of morbidity along with mortality, it does not control for shifts in the types of neurosurgical disorders seen at that hospital over time. The literature remains inconclusive on the impact of dutyhour restrictions on patient outcomes in neurosurgery. 2 In our study, the outcomes of interest focused on hospital and ICU LOS, but specific complications were not measured or recorded. LOS and mortality were chosen as our outcomes of interest because they are reliable and uncontestable. Hospital and ICU LOS may reasonably be considered a proxy for significant complications. Differences in patient outcomes among hospitals have been shown to stem not from differential complication rates but from a failure to recognize and appropriately resuscitate patients with those complications. 15, 16 Furthermore, LOS may be prolonged even in the absence of complications. For example, if physical therapy and/or social work are not promptly involved, there may be a delay until the patient can be safely discharged. Although this would not constitute a complication per se, it does increase use of health care resources. In the modern era of health care efficiency, this will be increasingly scrutinized.
Studies investigating postoperative adverse events are themselves complicated by inaccuracies in the medical record, inconsistent coding, and absent data. Temporally coincident with the implementation of duty-hour restrictions in 2003 were the widespread use of electronic medical records and dramatic changes in coding and billing practices. Electronic health records may increase the recording of complications, leading to a potentially significant missing data bias for the electronic record era compared with the paper record era. Furthermore, surgical coding is highly prone to subjectivity, variability, and error. A large, recently published study of the accuracy of clinical coding in surgery revealed that a coding audit led to a change in 51% of patients, including changes in morbidity level and frequency of complications. 29 Many published studies on complications and their relationship to resident handoffs or duty hours use large administrative databases, which are well known to contain inaccuracies of data acquisition; [4] [5] [6] 21 obviously, clinically applicable conclusions can only be made from data that are accurately recorded.
Our study reports that hospital stays including a weekend, in addition to resident handoffs, were significantly associated with longer hospital and ICU LOS. There are probably multiple reasons for this. First, patients admitted on the weekend are an inherently different patient population than those admitted during the week. Admissions during the week include both elective admissions for surgery and nonelective admissions, whereas admissions on the weekend include almost exclusively nonelective admissions. There may be a larger proportion of high-acuity patients, who might have longer hospitalizations than their less-ill counterparts. Certain resources are less available over the weekend, such as electroencephalography interpretation, diagnostic ultrasound, physical and occupational therapy, and social work, all of which have the potential to adversely impact hospital LOS. Finally, resident coverage varies over the weekend. In some cases, the primary resident continues to provide care over the weekend without any discontinuity; in other cases, the opposite is true. The sum of all these factors is unclear, although many hypothesize the presence of a so-called weekend effect. Weekend admission has been associated with increased short-term mortality for intracerebral hemorrhage, 12 but not subarachnoid hemorrhage. 11 This may reflect the natural history of the disease process rather than differences in quality of care. 20 One large population of neurosurgical patients that our study did not include is trauma. At our institution, the majority of neurotrauma patients are managed by the trauma surgery service. The only trauma patients admitted to the neurosurgery service are those with isolated neurotrauma; those patients were included in this study. However, the polytrauma patients are all managed by the trauma surgery service. In that group of patients, ICU and hospital LOS is greatly impacted by other factors such as delivery of care by non-neurosurgery residents and other injuries or problems that may dictate hospital course. Another potential source of bias left unaddressed is the impact of multidisciplinary care on LOS.
The interpretation of our study's results is limited by our chosen study design. Our study was intended to demonstrate correlation, not specifically causation. However, our results are hypothesis generating and require validation in future prospective studies. Given these factors, it is unclear whether the findings from this single-institution study are generalizable to other residency training programs. Distribution of resident service coverage, protocols for regulating service handoffs, and degree of faculty oversight are all expected to differ, perhaps drastically, among institutions. Validation of these findings by multicenter studies is therefore recommended.
conclusions
Transitions in care have the potential to negatively impact patient outcomes. We report that resident handoffs are associated with increased hospital and ICU LOS. The Patient assessment, Assertive communication, Continuum of care, Teamwork with trust (PACT) Project found that resident handoffs are largely unstructured and fail to adequately convey key patient information. 32 Strategies for improving the quality of resident handoffs include minimizing distractions, using a standardized communication tool, and deliberate practice. 3 Improved handoffs may mitigate some of the impacts on patient care observed in this study. A randomized controlled study on handoffs, specifically in surgical disciplines, is necessary to definitively establish the relationship between handoffs and outcomes such as mortality and hospital LOS. Future studies should also prospectively analyze the impact of handoffs on rates of postoperative complications, hospital-acquired conditions, and readmission rates. 
